1. Introduction
===============

In order to ensure patient comfort, minimize the risk, and facilitate flexible bronchoscopy (FB), the proper delivery of sedation is important, especially for complex and longer procedures.[@R1] Cough, pain, and anxiety are common in patients undergoing FB, and the administration of opioids with other sedatives produces a synergistic effect on analgesia, relieving coughing, and sedation.^\[^[@R2]--[@R7]^\]^ Alfentanil and propofol have the properties of fast onset and quick recovery, and they have been proven to be ideal for FB sedation providing good bronchoscopist satisfaction and patient tolerance.^\[^[@R8] [@R9]^\]^ It has also been reported that alfentanil can reduce the injection pain related to propofol administration.[@R10] However, the risk of cardiopulmonary depression is a critical concern because of the pharmacokinetic synergy of these drugs to suppress respiratory drive and attenuate sympathetic effects.^\[^[@R11]--[@R13]^\]^

Previous studies and our work have shown that the incidence of hypoxemic events during propofol sedation for FB is around 30∼40%.^\[^[@R9] [@R14] [@R15]^\]^ Other studies have reported that around 14∼18% of hypoxemic events occur during induction.^\[^[@R9] [@R16]^\]^ It would be beneficial to improve the efficacy and safety of induction; the proper regimens for induction in FB sedation, however, is a unanswered question. Various alfentanil regimens have been described for sedation in different procedures with dosages of 2.5, 4.2, 5.0, or 10 μg/kg given immediately or a few minutes before propofol administration for induction.^\[^[@R8] [@R17]--[@R22]^\]^ According to pharmacokinetic properties, current evidence, and clinical experience, we used different alfentanil regimens (2.5 or 5 μg/kg) administered immediately or 2 minutes before propofol infusion in the present study to evaluate the optimal dose and timing of alfentanil in target-controlled infusion (TCI) of propofol for FB sedation to achieve a good quality of sedation with an acceptable risk.

2. Methods
==========

This prospective, randomized, double-blind, controlled study was conducted in a tertiary center after the protocol had been approved by the Chang Gung Medical Foundation Institutional Review Board (IRB number: 99-1538A3). The clinical trial was registered to clinical trial.org (NCT01470170). Written informed consent was obtained from all participants before enrollment. Patients undergoing elective FB and sedation were screened for enrolment. The exclusion criteria were age **\<**18 years, American Society of Anesthesiologists (ASA) physical status classification IV or V, forced expiratory vital capacity (FVC) **\<**15 mL/kg body weight, forced expiratory volume in 1 second (FEV1) **\<**1000 mL, or FEV1/ FVC **\<**35%, severe sleep apnea syndrome (apnea--hypopnea index **\>**40), body mass index **\>**42 kg/m^2^ in males or **\>**35 kg/m^2^ in females, Mallampati score of 4, neurological disorders or other conditions contributing to difficulty in assessing responses, and pregnancy. Patients with a known history of allergy to the study drugs, or to eggs, soybeans, or sulfite products, were also excluded.

An intravenous catheter was placed in the forearm of the subjects for drug administration, while a nasal cannula delivered oxygen 2 L/minute. Pulse oximetry, blood pressure, heart rate, and rhythm were monitored continuously, and blood pressure was recorded every 2 minutes.

FB was performed via a nasal route by experienced bronchoscopists as previously described.^\[^[@R9] [@R16] [@R23]^\]^ Nasal, nasopharyngeal, and oropharyngeal anesthesia was achieved with nebulized 2% lidocaine. Three milliliters aliquots of 1% lidocaine were instilled over the vocal cords, carina, main bronchi, and the segment that required intervention. A well-trained physician was responsible for TCI sedation (Injectomat TIVA Agilia, Fresenius Kabi, France), monitoring the level of sedation and vital signs, and providing supportive interventions if necessary. The patients were randomly assigned following simple randomization procedures into 5 groups on the basis of a computer-generated random list (Microsoft Excel, Seattle, WA). Group 1: normal saline was given 2 minutes before the administration of propofol, and alfentanil 2.5 μg/kg was given immediately before the administration of propofol; Group 2: normal saline was given 2 minutes before the administration of propofol, and alfentanil 5 μg/kg was given immediately before the administration of propofol; Group 3: alfentanil 2.5 μg/kg was given 2 minutes before the administration of propofol, and normal saline was given immediately before the administration of propofol; Group 4: alfentanil 5 μg/kg was given 2 minutes before the administration of propofol, and normal saline was given immediately before the administration of propofol; Group 5: normal saline was given 2 minutes and immediately before the administration of propofol as a control. The bronchoscopist, physician in charge of sedation, and patients were blinded to the patient distribution. A staff nurse responsible for the preparation of alfentanil and normal saline (placebo) was the only person who had access to the random list. Alfentanil or placebo was prepared with the same volume for each patient in a syringe with no label.

After the administration of alfentanil or placebo, the calculated effect site concentration (Ce) of induction was set at 2 μg/mL, titrated by 0.2 μg/mL in order to maintain a stable sedation level and vital signs.[@R16] The Observer Assessment of Alertness and Sedation scale (OAA/S) was evaluated every 30 seconds after the patient closed their eyes. The Ce level upon reaching OAA/S 3∼2 was recorded as induction Ce and set as the maintenance Ce. The duration from start of propofol infusion to OAA/S 3∼2 was recorded as the induction time. If OAA/S was not achieved to 3 while the Ce was 2 μg/mL, Ce was increased by 0.2 μg/mL every 90 seconds until the OAA/S was 3∼2, and the Ce was recorded as the induction Ce as well as the maintenance Ce.

During maintenance, Ce was increased by 0.2 μg/mL every 90 seconds if the patient became irritable to an extent that would interfere with the procedure. Ce was reduced by 0.2 μg/mL every 90 seconds if hypoxemia, SpO~2~ **\<**90%, hypotension, mean arterial blood pressure **\<**60 mm Hg, or systolic blood pressure **\<**90 mm Hg occurred for any duration.

Data recorded from the beginning of induction to recovery in the bronchoscopy room included safety outcomes (hypoxemia and hypotension) and sedative outcomes (propofol dose for induction and the total procedure, induction, and recovery time). Recovery was evaluated by the time to orientation, that is, when the patients could spontaneously open their eyes, recall their date of birth, and correctly perform the finger-to-nose test.[@R16] Before discharge with fully recovery whether there is pain or not related to propofol infusion was questioned to patients on a 10-cm visual analogue scale (VAS, 0: not at all; 10: most severe). Cough severity, recorded on a 10-cm VAS, of patients during FB was assessed by the bronchoscopists, physician in charge of the sedation, and patients.

2.1. Sample size
----------------

A preliminary study following the patient preparation, premedication, and sedative protocol was performed before this trial. Thirty patients undergoing FB in 5 groups were analyzed. A difference of 12% desaturation events was used to calculate the number of patients required to show the difference between the group 2 and controlled group. The selected sample size was 35 for each group for a total of 175 to yield 80% power for a 2-sided test with a significance level of 5%.

2.2. Statistical analysis
-------------------------

Data were expressed as number with percentage or mean with standard deviation. Normal distribution of continuous variables was tested by Kolmogorov--Smirnov test and data were analyzed by 1-way analysis of variance (ANOVA) or Kruskall--Wallis test accordingly to evaluate difference between groups, while a Bonferroni post-hoc test was performed if there was statistical significance of variables within normal distribution. Patient characteristics, complications, and symptoms were analyzed by Chi-square test or Fisher exact test if sample size is small. A *P* value less than 0.05 was considered statistically significant. Statistical analyses were performed using the Statistical Package for Social Sciences software package, version 13 (SPSS, Chicago, IL).

3. Results
==========

One hundred seventy-seven patients were enrolled from October 2010 to October 2011. Among all patients who were randomly assigned, 2 patients were excluded from analysis due to incomplete questionnaire and another 2 patients were excluded from analysis due to intravenous set out. A total of 73 patients were analyzed. There were no differences between the 5 randomized groups in terms of age, gender, body mass index, ASA score, Mallampati score, smoking status, or pre-procedure vital signs (Table [1](#T1){ref-type="table"}). The indications, number, and distribution of bronchial procedures per patient were comparable in each group (Table [2](#T2){ref-type="table"}). The main reason for bronchoscopy was pulmonary nodules or masses (49.7%), followed by mediastinum lymphadenopathy (14.5%), and lung consolidation or infiltration (12.1%). Accordingly, the most common procedures were endobronchial ultrasound (71.1%), bronchial washing (58.4%), bronchial brushing (46.2%), and transbronchial lung biopsy (44.5%). The patients underwent multiple procedures, with approximately 50% of the patients undergoing 5 or more diagnostic and interventional bronchoscopic procedures. The average procedure time of all 5 groups was 23.1 ± 11.5 minutes.

###### 

Patient characteristics.
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###### 

Indication for bronchoscopy and distribution of diagnostic procedures per patient.
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There was a significant difference in hypoxemia during induction between the 5 groups (Table [3](#T3){ref-type="table"}). Post-hoc testing further revealed that the patients in group 2 experienced more hypoxemia during induction than those in group 5 and group 1 (26% vs 3%, *P* = 0.008; 26% vs 3%, *P* = 0.008, respectively), suggesting that alfentanil 5 μg/kg given immediately before propofol infusion caused significant hypoxemia during induction. There were no statistically significant differences in hypoxemia events during procedure and recovery or hypotension events during all study between groups. All events recovered spontaneously or after proper management (e.g., increasing oxygenation to 6 L/minute, chin lifting, fluid challenge, or leg elevation). No other interventions (e.g., ambu-bagging, intubation or vasopressor administration), intensive care unit admission, or deaths occurred during this study.
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Bronchoscopy and sedative outcomes.
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The patients in groups 2 and 4 (alfentanil 5 μg/kg) achieved faster induction with less Ce and a lower dose of propofol than group 5 (propofol infusion alone). Propofol dosing and Ce for induction was less in Group 4 compared with group 3. There were no statistically significant differences in terms of induction time and propofol dosing between groups 1, 3 (alfentanil 2.5 μg/kg), and 5.

The patients in groups 2 and 4 (alfentanil 5 μg/kg) had a lower severity of cough than those in groups 1, 3 (alfentanil 2.5 μg/kg), and 5 according to the physicians in charge of the sedation (Table [4](#T4){ref-type="table"}). However, only the patients in group 2 had a lower severity of cough than group 5 when assessed by bronchoscopists. There were no differences in cough severity between the 5 groups as judged by the patients after recovery. There were no differences in total procedure time, time to orientation (Table [3](#T3){ref-type="table"}), and propofol injection related pain (Table [4](#T4){ref-type="table"}) among groups.
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Cough severity and propofol administration related pain.
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4. Discussion
=============

This is the first prospective, randomized, double-blind, controlled trial of using alfentanil in the induction of propofol infusion for FB sedation. The results demonstrated that alfentanil 5 μg/kg given immediately or 2 minutes before propofol infusion achieved faster induction with less dose of propofol and better cough profile evaluated by physicians performing sedation than control group 5, but alfentanil 5 μg/kg given immediately propofol infusion caused significant hypoxemia during induction than control group. Therefore, alfentanil 5 μg/kg given immediately propofol infusion cannot be recommended. Alfentanil 5 μg/kg given 2 minutes before propofol infusion was the possible potential induction regimen for TCI propofol infusion in FB sedation.

The aim of the present study was to ascertain the regimen of alfentanil in propofol infusion for FB sedation to achieve an acceptable benefit and risk ratio, and an induction regimen of alfentanil 5 μg/kg (group 2 and 4) was found to provide a better sedative profile with regard to induction time, propofol dose of induction, and cough severity, although the benefit in coughing was not significant when assessed by the patients, probably because of the amnesia effects of sedation. Shifting the administration of alfentanil to 2 minutes before propofol infusion (group 4) ameliorated hypoxemia.

Compared with group 5 (propofol alone), group 4 used a lower amount of propofol by 10∼20 mg and saved 2 minutes in induction, implicating the synergistic effect between alfentanil 5 μg/kg and propofol infusion. This effect was also observed in the induction time. A recent study reported that alfentanil in combination with propofol for FB sedation did not improve the quality of sedation compared with propofol alone, although this combination resulted in greater respiratory depression.[@R11] However, the sedative protocol was fundamentally different from the present study, in that they used a patient-controlled sedation device with a mixture of alfentanil and propofol. The sedative level was relatively shallow because the drugs were administered according to the patients' self-perception of discomfort, and the majority of patients underwent 2 procedures. Most importantly, alfentanil was given in every bolus, which is different from our study and may be the reason for the higher incidence of hypoxemia in sedation with both alfentanil and propofol than in sedation with propofol alone.

The interaction between propofol and alfentanil is complicated at both pharmacokinetic and pharmacodynamics levels.[@R6] Alfentanil and propofol can decrease the clearance of each other, and alfentanil has been shown to decrease the amount of propofol needed for induction of anesthesia in a synergistic manner.^\[^[@R2] [@R3] [@R24]^\]^ The duration of induction for FB sedation is narrow, and we designed the present regimens on the basis of our experience and relevant pharmacokinetic evidence of alfentanil and propofol.^\[^[@R9] [@R16]^\]^ Computer simulation has shown that the time to peak effect after a bolus of alfentanil is around 3 to 4 minutes.[@R6] The time to peak effect of propofol in the Schnider model of TCI is 1.69 minutes after the initial bolus.[@R25] Administering alfentanil 2 minutes before propofol infusion will cause the peak effect of both drugs to occur at approximately the same time, which may then lead to a maximal synergistic effect. Administering alfentanil immediately before propofol has been reported in many studies on procedures for sedation.^\[^[@R9] [@R22] [@R26]^\]^ Various doses of alfentanil have also been used in sedative bronchoscopy in previous reports, such as 2.5, 4.2, 5.0, and 10 μg/kg.^\[^[@R8] [@R17]--[@R20] [@R22]^\]^ We chose 2.5 and 5 μg/kg in the present study, as a high risk of hypoxemia has been reported with alfentanil 10 μg/kg.^\[^[@R22] [@R27]^\]^

There was no significant difference in outcomes between alfentanil 2.5 and 5 μg/kg. A possible reason is that the power in subgroup analysis is not enough and further prospective study is required to define conclusions about induction regimen of alfentanil 2.5 and 5 μg/kg in FB sedation.

Under the blinded condition, the bronchoscopists scored lower cough severity in group 2 than in group 5. In addition, the physicians in charge of sedation also scored lower cough severity in group 4 than in groups 3 and 5. The reason for this difference is probably due to the bronchoscopists focusing more on completing the complicated procedures, and the physicians in charge of bronchoscopy tending to observe the patients more thoroughly. Furthermore, from the point of view of the patients, cough severity was excellent in all 5 groups. Therefore, our findings confirm that this sedation regimen offers a high degree of satisfaction.

There were no differences in terms of the incidence of propofol injection related pain among the 5 groups. This may be because the dose of alfentanil was not high enough to suppress pain. In previous studies, 15 μg/kg∼1 mg alfentanil was used for propofol-induced pain; however, this increases the risk of hypoxemia during FB sedation.^\[^[@R10] [@R27]^\]^

The present study has several limitations. We used TCI for propofol administration because TCI integrates individual variables and then provides precise pharmacokinetic control to achieve a steady plasma concentration and improved hemodynamic stability.^\[^[@R16] [@R28]^\]^ However, TCI is not always available in a clinical setting. We focused on the optimal regimen for induction, and the outcomes were mostly related to induction. During the minutes before achieving the desired sedation, differences between different administration protocols, for example, TCI, manually controlled infusion, or bolus of propofol may not be too substantial. Despite these limitations, our findings provide scientific evidence with regard to sedative induction for FB sedation. We hope that this study prompts further research to improve the safety and efficacy of FB sedation.

In conclusion, induction with alfentanil 5 μg/kg given immediately before propofol TCI sedation for bronchoscopy is risky particular for hypoxemia. Further study is required to define conclusions about the induction regimens of alfentanil 2.5 and 5 μg/kg.
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